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a b s t r a c t
Here we show the effects of repeated electroejaculation (EE) on mean values of motility,
mitochondrial functionality, and expression of active caspases on goat sperm obtained by
EE. Evaluations were done using CASA and ﬂow cytometry. A strategy for identiﬁcation of
kinematic sperm subpopulations, when individual data of sperm are not provided by the
CASA system, is provided. Fifty semen samples, ﬁve of each of ten adult creole goats, were
obtained by electroejaculation. Mean values of total motility, progressive motility and ﬂow
cytometry evaluations were compared among EEs. Relationships among mean values of
variables were investigated using Spearman correlation and principal component analysis
(PCA). For identiﬁcation of kinematic sperm subpopulations, PCA followed by hierarchical
clustering was applied on data of the intervals provided automatically by the CASA system.
Total motility does no change after repeated EE. Mean values of motility parameters and
molecular markers were unrelated in multivariate space, but bivariate correlations were
found. Values in upper and lower intervals deﬁned clearly the spermsubpopulations,which
hadmotility parameters changingover time. Taken together, our results show that repeated
EE does not affectmean values of totalmotility, thatmolecularmarkers are not relatedwith
motility parameters, and that it is possible to identify kinematic sperm subpopulations
when individual data, of motility parameters, are not provided by the CASA system.
© 2014 The Authors. Published by Elsevier B.V. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Abbreviations: EE, Electroejaculation; CASA, Computer assisted sperm
analysis; PCA, Principal component analysis; Tot. Mot., Total motility;
Prog. Mot., Progressive motility; VAP, Velocity average path; VSL, Straight
line velocity; VCL, Curvilinear velocity; BCF, Beat cross frequency; ALH,
Mean amplitude of the lateral head displacement; LIN, Linearity; STR,
Straightness.
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1. Introduction
Electroejaculation (EE) is a technique used to obtain
semen from animals when normal ejaculation is not pos-
sible. Several reports indicate that the quality of sperm
obtained by EE may be lower than or not different than the
quality of sperm obtained with artiﬁcial vagina (Greyling
and Grobbelaar, 1983; Jiménez-Rabadán et al., 2012a;
Malejane et al., 2014;Marco-Jiménez et al., 2005). In semen
samples obtained by EE a high proportion of low molec-
ular weight protein content is present in seminal plasma
http://dx.doi.org/10.1016/j.anireprosci.2014.12.009
0378-4320/© 2014 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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(Ledesmaet al., 2014); furthermore, sodium levels and con-
centrations of some proteins in seminal plasma are also
altered (Marco-Jiménez et al., 2008). There is no available
data on the effects of repeated EE on goat sperm.
There are relatively few studies involving evaluation of
goat spermmotility usingCASA. Themajority of these stud-
ies reported mean values of predetermined parameters
of motility based on biological criteria, without subject-
ing the data to the many types of analysis available in
statistical packages (Dorado et al., 2010a). Some studies
where a CASA system was used to evaluate sperm motil-
ity of goats reported only mean values (Álvarez et al.,
2012; Jiménez-Rabadán et al., 2012a,b; Kosdrowski et al.,
2007). The use of only mean values to describe sperm
parameters derived from CASA systems is not an appro-
priate approach (Abaigar et al., 1999; Holt et al., 2007;
Mortimer, 2000) and is of limited value (Dorado et al.,
2010a; Martínez-Pastor et al., 2011). In addition to motil-
ity, other cellularproperties are indicativeof spermquality;
apoptoticmarkers andmitochondrial functionality are two
examples (Jiménez-Rabadán et al., 2012b; Pichardo et al.,
2010). Although the role of active caspases in ejaculated
sperm isnot clear, their presence correlatesnegativelywith
motility (Gallardo Bolan˜os et al., 2014; Marchetti et al.,
2004; Pichardo et al., 2010). Sperm in an ejaculate form a
heterogeneous population, composed of many subpopula-
tions. One such subpopulation contains sperm with active
mitochondria (Sousa et al., 2011).
Here we investigated the effects of repeated electroe-
jaculation on parameters of sperm quality and kinematic
subpopulations of goat semen, using motility parameters
provided by a commercial CASA system.
2. Material and methods
Tominimize stress during the experimental procedures,
a preconditioning period of 2 months was allowed for
the animals to become used to restraint and handling.
All handling procedures were performed in accordance
with the Ley Protectora de Animales del Estado de Méx-
ico regarding the protection of animals used in scientiﬁc
experiments and were approved by Bioethic Committee
of Centro de Estudios Universitarios Temascaltepec (Letter
date: January 3, 2012). All efforts were made to minimize
suffering of the animals.
Ten adult creole goats were maintained under uni-
form nutritional conditions, including tap water ad libitum.
Five ejaculates were obtained from each goat, one every
2 weeks. Rationale for this schedule of semen sampling
was based approximately on the time required for sperm
maturation in the epididymis and duration of stages of
spermatids, spermatocytes and spermatogonium in the
testis (Franc¸a et al., 1999).
2.1. Semen collection
Semen samples were obtained on the following
dates: 04/12/2012 (D1), 04/26/12 (D2), 05/11/2012 (D3),
05/24/2012 (D4), and 06/07/2012 (D5). An electroejacula-
tor ElectroJac®5 (Ideal Instruments®, Lexington, KY, USA)
with rectal probe of 2.5 cm diameter, 15 cm in length, and
with three linear electrodes of 10 cm each was used.
Animals received an intramuscular injection of deto-
midine (270g/kg body weight) plus ketamine (1.4mg/kg
body weight) 15min before semen collection, as recom-
mended (Santiago-Moreno et al., 2011). The rectum was
cleaned of feces and the preputial area was shaved and
washedwith physiological saline solution. The rectal probe
was lubricated and gently inserted into rectum and orien-
tated so that the electrodes were positioned ventrally. The
device was used in automatic setting, applying cycles of
stimuli of 2 s with 2 s rest intervals between stimuli. The
initial voltage was 1V and was increased in each series
until a maximum of 5V (Jiménez-Rabadán et al., 2012a,b).
The penis was extended beyond the prepuce, and semen
was collected into sterile 15ml polypropylene tubes of and
maintained at 37 ◦C. The electro-stimulation was stopped
at time of ejaculation.
Semen was diluted with Tyrode’s salt solution (Sigma,
St. Louis, MO, USA) and stabilized during 15min before
analysis of motility. Personnel in charge of management of
goats, electroejaculator operator, and CASA operator was
ever the same.
2.2. Evaluation of sperm motility
Ejaculates were diluted with Tyrode’s (Sigma) and held
in 37 ◦C waterbath for 15–20min before evaluation of
sperm motility.
The CASA system used was an IVOS (Hamilton Thorne
Biosciences, Beverly, MA, USA) with 10.7s software
(Piramid Technical Consultants, Inc., Lexington, MA, USA),
plate warmed to 37 ◦C, negative phase contrast, 10× objec-
tive, and magniﬁcation 1.89. Settings of the CASA system
were as follow: frames per second (Hz) 60, number of
frames 30, minimum cell contrast 15, minimum cell size
(pix) 8, cell size (pix) 9, cell intensity 125, threshold
straightness 80, medium cell VAP cut-off (m/s) 25, low
VAP cut-off 5.0, low straight line velocity (VSL) cut-off
(m/s) 0.0,minimum static intensity gates 0.75,maximum
static intensity gates 1.99, minimum static size gates 1.15,
maximumstatic size gates 10.0,minimumelongation gates
0, and maximum elongation gates 99.
Four microliters of diluted semen were put in a Leja4®
slide (Leja, Luzernestraat, Netherlands) of 20m depth,
prewarmed to 37 ◦C. At least 200 sperm were evalu-
ated per sample (∼3–4 ﬁelds), and means for each of
the following motility parameters were recorded: total
motility (%), progressive motility (%), velocity average path
(VAP, m/s), curvilinear velocity (VCL, m/s), straight line
velocity (VSL, m/s), beat cross frequency (BCF, Hz), lin-
earity (LIN, VSL/VCL×100, %), straightness coefﬁcient (STR,
VSL/VAP×100, %), and mean amplitude of the lateral head
displacement (ALH, m). Descriptors of sperm motion
were previously described (Becerril et al., 2013; Mortimer,
2000). Management of semen aliquots and CASA system
operationwas realized by a veterinarian experienced in the
handling of semen.
The CASA system provided mean values of the motility
parameters and histograms with ten predeﬁned intervals
for each of the motility parameters (Supplemental File 1);
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thus two databases were constructed. One database con-
tained the mean values of sperm variables; it contained 50
rows (i.e., ten goats×ﬁve dates of EE) and four columns
(Total motility, Progressive motility, % of sperm positive
to FLICA, and % of sperm positive to resazurin). A second
database was constructed with values of histograms of
motility parameters, it contained 500 rows (i.e., 10 inter-
vals×10 goats×5 dates of EE) and seven columns (VAP,
VCL, VSL, ALH, STR, LIN, and BCF).
Supplementary material related to this article
found, in the online version, at http://dx.doi.org/10.
1016/j.anireprosci.2014.12.009.
2.3. Flow cytometry measurements
2.3.1. Sperm with active caspases
Active caspases-3 and -7 activity were labeled in situ
with a ﬂuorescent inhibitor of caspases (FLICATM) using
the Image-iT LIVE Red Caspase-3 and -7 Detection Kit
(Molecular Probes Inc. Eugene, OR, USA) according to the
manufacturer’s instructions. Brieﬂy, 10l of a FLICA work-
ing solution was added to 300l of sperm and mixed
gently. The suspension was incubated for 40min at 37 ◦C
and protected from light. Five minutes before the evalua-
tion the samples were incubated with SYTOX green 1mM
(Molecular Probes). Just before evaluation samples were
adjusted to 500l with FACS Flow (Becton Dickinson). It
has been reported that inhibitors of active caspases could
not speciﬁcally stain such caspases (Kuzelová et al., 2007;
Pozarowski et al., 2003; Temkin et al., 2006), thus from
here on forward sperm stained by FLICA are named sperm
positive to FLICA.
A positive control was realized by incubating 100l of
a semen sample with 4l of imiquimod (Sigma), ﬁnal con-
centration of 40M for 30min. That control was processed
as described above. To inhibit the caspases, semen samples
were incubated for 20min with Z-DEVD-FMK (SIGMA), a
cell-permeable inhibitor of caspase-3, -6, -7, -8, and -10,
which competitively and irreversibly inhibits the active
caspases. The inhibitor was diluted in dimethyl sulfoxide
and added to the samples at a ﬁnal concentration of 40M
and then processed as described above.
2.3.2. Sperm with metabolic function
Metabolic function in sperm was evaluated by mito-
chondrial dehydrogenase activity using resazurin, as
previously described (Pichardo et al., 2010). Brieﬂy, 100l
of sperm suspension were incubated with 1l of resazurin
50mM and 1l of cell impermeant ﬂuorochrome SYTOX
green 1mM for 15min at 37 ◦C; both ﬂuorochromes were
contained in the LIVE/DEAD cell viability assay kit (Molec-
ular Probes). From here on forward sperm stained with
resazurin are named sperm positive to resazurin. Just
before evaluation, samples were adjusted to 500l with
FACS Flow.
Sperm positive to FLICA or resazurin were measured in
a ﬂow cytometer FACSAria II (Becton Dickinson Inmunocy-
tometry BioSciences, San José, CA, USA) with the software
BDFACSDivaVersion6.0 (BectonDickinson). For each assay
10000 events in a list mode data ﬁles (FCS 2.0) were
saved. Management of cytometer was realized by using
the software BD FACSDiva Version 6.0, (Becton Dickinson).
Hardware ﬂuorescence compensation, i.e., before digitali-
zation,was applied toobtain separated subpopulations. For
each ﬁle, events positive to FLICA or resazurin were gated
by using the softwareWintList version 3.2 (Verity Software
House Inc. Topsham, Maine, USA) in a PC running Win-
dowsXP, then thepercentageof events gatedwas recorded.
Results are presented as mean± standard deviation.
2.4. Statistics
ANOVA, in a model of repeated measurements, was
used to compare mean values for total motility, progres-
sive motility, percentage of sperm positive to FLICA, and
percentage of sperm positive to resazurin. Date was used
as factor and animal as error source. Potential differences
were evaluated using t-test for paired samples with Holm
correction. Relationships among mean values of motility
parameters, percentage of sperm positive to FLICA, and
percentage of sperm positive to resazurin were investi-
gated by constructing a matrix of Spearman correlations
for eachdate. Identiﬁcationof variables that better describe
the dataset was realized by principal component analysis
(PCA). PCA was performed on mean values of percentages
of sperm positive to FLICA or resazurin, and mean val-
ues of motility parameters at different dates. To determine
the number of principal components that better describe
the effects of repeated electroejaculation, the criterion of
selecting only thosewith an eigenvalue (variance extracted
for that particular principal component) higher than one
(Kaiser criterion) was followed (Dorado et al., 2010a). All
data were standardized (z standardization) before applica-
tion of multivariate statistics.
For identiﬁcation of sperm subpopulations, on the basis
of motility parameters, a PCA was realized with values in
intervals. Thenumberofprincipal components, selected for
hierarchical clustering,was chosen following theKaiser cri-
terion. Hierarchical clustering and partitioning procedure
were realized following Ward’s criterion (Becerril et al.,
2013; Husson et al., 2010). Comparison of motility descrip-
tors in each cluster was realized by one way ANOVA for
unbalanced models using date as factor. Count data of indi-
viduals by cluster/date were compared with Chi square
test. For all tests P<0.05 was considered signiﬁcant. All
analysis were realized with R version 2.13.1 (Team, 2011)
running on a MacBook with MacOsX version 10.6.8. PCA
and hierarchical clustering were realized with FactoMineR
package version 1.16 (Husson et al., 2010, 2011), whereas
ANOVA’s were realized with car package version 2.0-13
(Fox and Weisberg, 2011).
3. Results
3.1. Effect of repeated electroejaculations on mean
values of motility and functional markers
Repeated electroejaculation does not induce changes in
total motility, although changes in progressive motility,
percentage of sperm positive to FLICA, and percentage of
sperm positive to resazurin were higher after ﬁrst dates
(Table 1). High values for percentage of sperm positive
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Table 1
Characteristics of goat sperm obtained by electroejaculation at different dates (M± SD).
Date Total motility (%) Progressive motility (%) Sperm positives to
FLICA (%)
Sperm positives to
resazurin (%)
D1 79.6±31.6 44.6±21.1 44.4±12.4 44.9±20.8
D2 70.2±24.4 56.3±19.7 61.7±15.3 65.9±16.7
D3 52.4±25.0 36.3±19.1 71.8±24.5 47.8±23.8
D4 47.8±41.2 24.0±22.1 79.0±10.5 78.5±10.6
D5 71.7±39.7 34.6±21.4 63.7±22.6 64.8±19.9
P-value from repeated
measures ANOVA
0.12800 0.00921 0.00140 0.00162
Differences between
pairs of dates
(P-value from t-test)
D2 vs D4 (0.0087) D1 vs D3 (0.0415)
D1 vs D4 (0.0004)
D2 vs D4 (0.0311)
D1 vs D4 (0.0200)
D3 vs D4 (0.0400)
to resazurin and FLICA were observed at date 4; whereas
low values for total motility and progressive motility were
observed at the same date (Table 1).
Bivariate relations among mean values of percentage of
sperm positive to FLICA or resazurin and mean values of
motility parameters changed over time (Fig. 1). Higher val-
ues of correlation between percentage of sperm positive to
FLICA and percentage of sperm positive to resazurin were
observed at different dates; however, these markers do not
correlate highly with mean values of motility parameters
(Fig. 1).
3.2. Multivariate description of sperm parameters on the
basis of mean values
To identify the variables that best describe the char-
acteristics of sperm after repeated electroejaculations,
a principal component analysis was realized with the
mean values of percentage of sperm positive to FLICA or
resazurin, and the mean values of the motility param-
eters. This analysis identiﬁed 11 principal components.
Three principal components with eigenvalues above one
(Table 2)were identiﬁed by PCA,which together accounted
for 86.23% of the variance. Variance explained by principal
components 4 to 11 was 6.19, 3.66, 2.28, 1.29, 0.17, 0.14,
0.03, 0.01, respectively. Considering the highest eigenvec-
tors of sperm variables, the ﬁrst principal component was
related tomotility, velocity, and trajectories (Tot.Mot Prog.
Mot VAP, VSL, VCL, and ALH), the second principal com-
ponent was related to frequency of beat and straightness
(STR, LIN, and BCF), and the third principal component
was highly related to the expression of active caspases and
mitochondrial function (FLICA and resazurin, respectively)
(Table 2 and Fig. 2).
The circle of correlations obtained from PCA showed
that variables derived from the CASA system formed two
groups (Fig. 2B); the ﬁrst groupwas positively described by
principal components 1 and 2 (Dim 1 and Dim 2, respec-
tively inFigs. 1–3 ) (BCF, LIN, andSTR), and the secondgroup
was described positively by Dim 1 and negatively by Dim 2
(Prog. Mot. Tot. Mot. , VSL, VAP, VCL, and ALH). The princi-
pal components 1 and 2 do not greatly describe the effects
of repeated electroejaculation on percentage of spermpos-
itive to FLICA or resazurin, as indicated by short length of
arrows. However, percentages of sperm positive to FLICA
or resazurin were well described by principal component
3 (Table 2).
3.3. Identiﬁcation of sperm subpopulations on the basis
of intervals of motility parameters
Values of motility parameters other than total motil-
ity and progressive motility are given as intervals by the
CASA system used in this study. To identify the variables
that best describe the motility parameters after repeated
electroejaculations, a principal component analysis was
performed with the interval values of histograms. Three
principal componentswitheigenvalues aboveone (Table3)
were identiﬁed by PCA, which accounted for 77.96% of the
variance. Variance explained by principal components 4 to
7 was 8.51, 7.73, 4.52, and 1.28, respectively. A graphical
illustration of bivariate relation of sperm variables with
principal components 1 and 2, is shown in Fig. 3B.
The circle of correlations obtained from PCA showed
that variables derived from the CASA system formed three
groups (Fig. 3B). A group well described by principal com-
ponent 1 (VAP, VSL, and ALH), a second group was related
to principal components 1 and 2 (STR, BCF, VCL, and LIN).
A third group, no observed in Fig. 3B, was highly related to
principal component 3 (VCL, LIN, and BCF) (Table 3).
The three principal components mentioned above were
used to realize the hierarchical clustering and partition-
ing. Three clusters were obtained (Fig. 4) and individuals
were mapped with respect to principal components 1 and
2 (factor map) (Fig. 4A). The distances among individuals
and clusters is illustratedby theoverlapof thedendrogram,
of hierarchical clustering, on factormap (Fig. 3C). The num-
berof individualswasdifferent amongclusters (Fig. 4B) and
the position of clusters on factor map indicated the distinct
relation with principal components 1 and 2 (Fig. 4A and
C). Individuals in cluster 1 were characterized by low val-
ues of principal components 1 and 2; whereas, clusters 2
and 3 had high values of principal components 2 and 1,
respectively. The statistical description of the clusters is
shown in Supplemental File 2. The proportion of individ-
uals (i.e., rows in database) in clusters 1, 2, and 3 changed
signiﬁcantly along dates (Table 4).
Supplementary material related to this article
found, in the online version, at http://dx.doi.org/10.
1016/j.anireprosci.2014.12.009.
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Fig. 1. Matrices of correlations for mean values of sperm variables at different dates. For each matrix, below the diagonal are bivariate dotplots of sperm
variables with a linear regression line. Above the diagonal are Rho values and signiﬁcance; numbers size are proportional to Rho values and asterisks
indicates P values, as follow: ***, 0.001; **, 0.01; *, 0.05. Tot. Mot. , total motility; Prog. Mot. progressive motility; VAP, velocity average path; VSL, straight
velocity; VCL, curvilinear velocity; ALH, lateral head displacement; BCF, beat cross frequency; STR, straightness; LIN, linearity; FLICA, percentage of sperm
positives to FLICA; Resazurin, percentage of sperm positives to resazurin. A, all dates; B, date 1; C, date 2; D, date 3; E, date 4; F, date 5.
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Table 2
Detail of PCA realized on percentages of sperm positives to FLICA or resazurin, and motility descriptors obtained from CASA.
Principal component 1 Principal component 2 Principal component 3
Variance explained (eigenvalue) 61.01 (6.710) 12.85 (1.413) 12.37 (1.361)
Eigenvectors*
Tot. Mot. 9.914 4.130 0.160
Prog. Mot. 10.715 0.711 0.640
VAP 12.505 5.164 0.861
VSL 12.642 1.630 1.265
VCL 12.462 7.067 0.291
ALH 11.577 9.415 0.108
BCF 7.088 29.782 0.024
STR 10.317 20.239 0.235
LIN 9.230 19.956 1.457
FLICA 3.009 0.965 40.664
Resazurin 0.540 0.939 54.293
* Eigenvectors represent a degree of association with each one of motility descriptors. Tot. Mot., total motility; Prog. Mot., progressive motility; VAP,
velocity average path; VSL, straight velocity; VCL, curvilinear velocity; ALH, lateral head displacement; BCF, beat cross frequency; STR, straightness; LIN,
linearity; FLICA, percentages of sperm positives to FLICA; Resazurin, percentages of sperm positives to resazurin.
Table 3
Detail of PCA realized on motility descriptors obtained from CASA.
Principal component 1 Principal component 2 Principal component 3
Variance explained (eigenvalue) 38.34 (2.684) 24.93 (1.745) 14.69 (1.028)
Eigenvectors*
VAP 30.326 3.786 2.360
VSL 25.135 9.215 0.258
VCL 17.090 8.895 23.046
STR 5.313 30.614 8.481
LIN 11.722 0.734 41.399
ALH 5.624 26.139 0.041
BCF 4.880 20.617 24.415
* Eigenvector represent a degree of association with each one of motility descriptors. VAP, velocity average path; VSL, straight velocity; VCL, curvilinear
velocity; STR, straightness; LIN, linearity; ALH, lateral head displacement; BCF, beat cross frequency.
Fig. 2. Distribution of individuals (rows in the database) and direction of sperm variables according to principal components 1 and 2. Principal component
analysis was realized with mean values of percentage of sperm positive to FLICA or resazurin, and mean values of motility parameters. (A) Numbers on
each dot is correspond to the number of each observation in the database. (B) Sperm variables are depicted as vectors; the direction of these vectors is
determined by the component loadings. Note the formation of groups of variables on the basis of their proximity. Dim 1, principal component 1; Dim
2, principal component 2. Tot. Mot., total motility; Prog. Mot., progressive motility; VAP, velocity average path; VSL, straight velocity; VCL, curvilinear
velocity; ALH, lateral head displacement; BCF, beat cross frequency; STR, straightness; LIN, linearity; FLICA, percentage of sperm positives to FLICA;
Resazurin, percentage of sperm positives to resazurin.
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Fig. 3. Distribution of individuals (rows in database) and direction of motility parameters according to principal components 1 and 2. Principal component
analysis was realized with interval values in histograms of motility parameters. (A) Numbers on each dot correspond to the number of each row in the
database. (B) Sperm variables are depicted as vectors; the direction of these vectors is determined by the component loadings. Note the formation of groups
of variables on the basis of their proximity. Dim 1, principal component 1; Dim 2, principal component 2. Tot. Mot., total motility; Prog. Mot., progressive
motility; VAP, velocity average path; VSL, straight velocity; VCL, curvilinear velocity; ALH, lateral head displacement; BCF, beat cross frequency; STR,
straightness; LIN, linearity; FLICA, percentages of sperm positive to FLICA; Resazurin, percentages of sperm positive to resazurin.
Fig. 4. Hierarchical clustering on principal component analysis. (A) Clusters were mapped with colors on bivariate relation of principal components 1 and
2. (B) Dendrogram showing the branches corresponding to each cluster. Embedded bar plot in B indicates within inertia gain. Inertia refers to variance, and
total inertia (total variance) is decomposed into between and within-group variance. The within inertia gain characterizes the homogeneous of a cluster.
Number of clusters was chosen on basis of dendrogram form and gain within inertia. Horizontal line indicates the point of cut. For a better appreciation of
the formation of clusters (sperm subpopulations), the dendrogram B was overlapped on factor map A (C).
Table 4
Proportion of individuals in each cluster at deﬁned dates.
Cluster Date P value from
Chi test
D1 D2 D3 D4 D5
1 42 41 74 72 46 5.2e−4
2 37 42 19 16 25 1.0e−3
3 21 17 7 12 29 2.3e−3
Values ofmotility parameters in each clusterwere com-
pared among different dates (Table 5). In clusters 1 and 2
the values of motility parameters changed among dates; In
cluster 3 the majority of motility parameters tended not to
change after some EE. In cluster 1 the values of VAP, VSL,
STR, and ALH are generally lower after ﬁrst date. In cluster
2 the values of VAP, VSL, VCL, LIN, ALH, and BCF changed
among dates 2, 3 or 4. In cluster 3 the value of STR was
higher in date 5.
Individuals with high values of principal components
1 and 2, at upper intervals, deﬁned cluster 2; whereas,
individuals with low values of principal component 2 and
high values of principal component 1, at inferior intervals,
deﬁned cluster 3. Individuals in cluster 1 were presented
along intervals (Fig. 5).
4. Discussion
In this work we analyzed the effects of repeated EE on
mean values of total motility, progressive motility, sperm
positive to FLICA, and spermpositive to resazurin. Values of
motility parameters were processed to identify kinematic
36 A.J.F. Vázquez et al. / Animal Reproduction Science 154 (2015) 29–38
Table 5
Effect of repeated electroejaculations on motility parameters at deﬁned clusters (M± SD).
Date or P value* VAP VSL VCL STR LIN ALH BCF
Cluster 1
D1 11.93±12.05 11.07±11.51 12.48±12.86 7.33±8.24 10.95±9.51 10.74±17.24 7.29±8.45
D2 16.63±9.87 19.15±9.86 10.41±11.69 1.22±2.34 8.44±7.68 32.29±33.00 8.54±11.22
D3 10.32±9.34 11.18±10.1 9.93±10.84 4.05±13.01 8.91±9.02 8.95±14.21 8.61±9.33
D4 6.17±10.04 5.53±9.11 7.58±11.35 5.60±7.94 6.92±8.69 3.46±9.30 5.83±8.02
D5 8.76±13.92 7.30±10.24 10.46±16.03 10.26±18.45 9.43±10.16 4.67±9.19 7.39±10.85
P-value 5.2e−5 1.4e−9 0.3466 0.0035 0.2179 5.8e−15 0.4409
Cluster 2
D1 18.08±9.10 15.38±9.10 30.24±27.89 43.27±47.73 28.22±13.8 4.51±4.96 40.86±15.51
D2 16.29±11.56 13.10±9.33 34.62±28.34 51.33±68.46 36.74±19.9 1.64±4.75 42.43±14.76
D3 8.11±7.36 6.26±6.23 18.84±20.83 50.84±50.82 25.32±16.18 0.89±1.91 28.32±13.28
D4 15.31±11.19 14.31±12.9 19.44±9.16 36.88±35.52 25.31±10.74 4.69±5.92 35.19±24.86
D5 20.36±12.13 20.16±14.5 15.44±11.51 33.36±30.27 27.88±15.22 5.80±5.59 54.80±49.06
P-value 0.0036 0.0010 0.0061 0.6417 0.0263 9.4e−4 0.0149
Cluster 3
D1 44.86±18.97 51.81±22.33 22.33±16.75 9.67±5.18 28.95±9.79 26.90±13.90 14.00±16.75
D2 58.71±23.93 59.94±27.82 28.41±20.66 3.18±1.91 27.94±20.99 27.53±19.49 13.24±13.39
D3 51.29±22.89 47.71±26.74 26.29±28.62 1.57±2.15 19.57±15.90 30.43±13.82 12.57±17.62
D4 42.83±20.19 48.00±20.87 29.67±56.78 17.50±38.30 25.00±14.27 25.25±16.22 17.83±16.61
D5 44.24±32.11 46.41±21.46 45.45±88.78 30.34±39.24 36.38±19.15 23.93±14.74 16.38±15.36
P-value 0.3483 0.4196 0.6861 7.5e−3 0.094 0.8587 0.8966
* P value from one way ANOVA for unbalanced models. VAP, velocity average path; VSL, straight velocity; VCL, curvilinear velocity; ALH, lateral head
displacement; BCF, beat cross frequency; STR, straightness; LIN, linearity; D1, date 1; D2, date 2; D3, date 3; D4, date 4 and D5, date 5.
Fig. 5. Mapping of clusters on bivariate relation of principal components 1 and 2 at given intervals. Upper box encloses the ten intervals at which data
were divided by CASA system. Each grey box corresponds to one of the inferior plots. Numbers in grey boxes indicate the limits of intervals. Each one of
motility parameters have ten intervals and limits of intervals are distinct among motility parameters (Supplemental File 1); thus only one group of intervals
is illustrated. Dim 1, principal component 2; Dim 2, principal component 2.
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subpopulations and effects of EE were described in those
subpopulations.
Identiﬁcation of kinematic subpopulations of goat
sperm was previously reported (Dorado et al., 2010a);
however, in that study, an artiﬁcial vagina was used to
obtain semen. To our knowledge, this is the ﬁrst report
that describes kinematic subpopulations in goat semen
obtained by EE.
The fact that, in thiswork, totalmotility does not change
after repeated EE is in line with previous reports, where
no conspicuous changes were observed in mean values of
sperm motility, from ejaculates obtained by EE and evalu-
ated by CASA (Dorado et al., 2010b; Jiménez-Rabadán et al.,
2012b; Kosdrowski et al., 2007). Clearly, therewas an alter-
ation in progressive motility and sperm positive to FLICA at
date 4, although it was not reﬂected in total motility. It is
well established that semen samples from different males
can differ greatly in motility (Dorado et al., 2010a; Holt and
Harrison, 2002); even more, notable differences could be
observed in motility and sperm positive to FLICA of semen
samples fromthesamemale (Doradoet al., 2010a;Pichardo
et al., 2010). In this study, by using ANOVA in a model of
repeated measures, with buck as error source and date as
factor, we found differences in mean values of progressive
motility, spermpositive to resazurin, and spermpositive to
FLICA. Itmeans that spermcharacteristics, observedat each
date, are due to the electroejaculation procedure; although
the changes were not always in the same direction.
Some studies reported a negative relation between
sperm expressing active caspase-3 and -7 and percentages
of motility (Gallardo Bolan˜os et al., 2014; Marchetti et al.,
2004; Pichardo et al., 2010) and a positive relation between
sperm with functional mitochondria and sperm motility
(Sousa et al., 2011). In this work we observed a low but
signiﬁcant correlation between sperm positives to FLICA
with total motility and progressive motility, whereas the
positive, but not signiﬁcant, correlation of percentage of
sperm positive to resazurin with total motility and pro-
gressive motility, at date 4, whereas became negative at
the later dates. This could be explained by the fact that the
mitochondria is not the only sitewhere energy is produced,
but also energy is produced by glycolysis in ﬂagella (Miki,
2006).
Motility and different assays of viability such as sperm
positive to FLICA or resazurin are routinely evaluated in
semenanalysis. In this studyweobserved that inmultivari-
ate space there is not a principal component that describes
motility parameters and functional markers. However,
bivariate relations among mean values of percentage of
sperm positive to FLICA have negative or no correlation
with mean values of motility parameters. This is in line
with observations in ram (Pichardo et al., 2010), stallion
(Gallardo Bolan˜os et al., 2014), and human (Marchetti et al.,
2004). In thisworkwe showed that themotility parameters
correlated among themselves, but had either a low or no
correlation with percentages of sperm positive to FLICA or
resazurin; however, percentage of sperm positive to FLICA
correlated with percentage of sperm positive to resazurin.
This indicates that our results are consistent when
analyzing the relationships with bivariate and multivari-
ate statistics. A sperm is a complex entity whose vitality
manifestations, such as motility parameters, could be
related to molecular properties, as multivariate statistics
showed in this study.
An ejaculate contains a heterogeneous population of
sperm. Sperm subpopulations can be identiﬁed on the
basis of distinct characteristics, suchasmotilityparameters
(Dorado et al., 2010a; Martínez-Pastor et al., 2011; Nún˜ez-
Martínez et al., 2006). Motility parameters could help to
identify changes in sperm subpopulations due to chemical
(Holt and Harrison, 2002) and physical factors (Martínez-
Pastor et al., 2005, 2011). In general, when CASA is used,
it is desirable to analyze motility parameters of individ-
ual cells; however, it is not always possible due software
limitations. In this work we used the values of intervals
from histograms predeﬁned by software and multivari-
ate statistics to identify sperm subpopulations. Although
total motility does not change after repeated electroejac-
ulations, it is clear that kinematic subpopulations were
affected.
Using multivariate statistics, Dorado et al. (2010a)
described four sperm subpopulation for goats. However
they used data of individual sperm. In this work, using
grouped data, we found three sperm subpopulations. The
proportion of individuals in each cluster changed among
dates, it is clear that alterations in subpopulations occurred
in ejaculations on dates 3 and 4. The schedule for EE and
the effect of electric current on testicular cells could help
to explain the changes at these dates. The EE provides an
electric current through the whole body, which can affect
thedeveloping germcells and induce alterations,which are
observed once the sperm are ejaculated weeks later. This
proposal is supported by two facts, (1) a magnetic ﬁeld
could induce germ cell apoptosis (Kim et al., 2009), and
(2) the duration of spermatocyte stage, spermatid stage,
and traverse of sperm by epididymis is approximately of
15 days each (Franc¸a et al., 1999). Thus, a possible effect
of electric current on testicular cells at the spermatid and
spermatocyte stages would be observed in sperm ejacu-
lated at dates 3 and 4.
In this work we used coplots to illustrate the partition-
ing of the dataset by intervals and mapping the clusters on
the bivariate relationship of principal components 1 and 2.
The sperm subpopulations in clusters 1 and 2 were deﬁned
by motility parameters changing along dates, whereas
motility parameters in cluster 3 were maintained approx-
imately constant after repeated EE (with the exception of
STR). At this time we do not know the biological signiﬁ-
canceof the spermsubpopulations found.Although the fact
that high values of principal factors 1 and 2 (which were
related with LIN and VAP, respectively) deﬁned cluster 2 at
upper intervals could indicate a sperm subpopulation with
high fertilizing potential. This suggestion is supported by
a previous report (Satake et al., 2006) where a sperm sub-
populationwith high values of VAP and LIN couldmake the
difference between high or low fertility.
The EE is a manner of obtaining semen when no other
method, such as artiﬁcial vagina, is available. Our results
could help to take decisions on dates at which practice
the EE.
Ideally all of the characteristics evaluated, such as
motility and labeling of molecules of interest, should
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be performed on individual sperm cells. However, this
actually is not technically possible. Here we showed the
effects of repeated EE on mean values of quality markers
and motility parameters in sperm subpopulations of goat
semen, highlightinguseofmultivariate statistics, andmake
available a strategy for identiﬁcation of kinematic subpop-
ulations when no individual data are available.
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